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Abstract 
In order to simulate the precision molding process, the viscoelastic properties of chalcogenide glasses under high 
temperatures were investigated. Thermomechanical analysis were performed to measure and analysis the thermomechanical 
properties of chalcogenide glasses. The creep responses of the glasses at different temperatures were obtained. Finite element 
analysis was applied for the simulation of the molding processes. The simulation results were in consistence with previously 
reported experiment results. Stress concentration and evolution during the molding processes was also described with the 
simulation results. 
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1. Introduction 
Chalcogenide glasses are important in developing low cost, high performance IR imaging optics for their well 
balanced optical and mechanical properties. Refractive and diffractive hybrid micro-optical component can be made 
with precise molding process using chalcogenide glasses for their relatively low glass transition temperature[1]. 
Fine embossing method has been proven an effective way to fabricate high performance micro-optical elements 
including diffractive optics and even photonic crystals[2,3]. Finite element analysis (FEA) can be applied to 
understand the micro molding processes so as to obtain appropriate parameters for the molding of precision 
optics[4-8].  
To establish a robust simulation model for the FEA, viscoelastic properties of the chalcogenide glasses must be 
investigated. Based on the thermomechanical analysis results, a Maxwell viscoelastic model was established for the 
FEA simulation. In the simulation, effects of three important molding parameters including temperature, pressure 
and molding time on the molding results were studied. The molding results were evaluated in terms of the filling 
ratio of the glass to the mold cavity, and the stress development during the molding processes. 
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2. Simulation model 
The molding processes of the chalcogenide glass can be described as follows: (1) the glass blank was put into the 
mold cavity and heated, the final temperature was called molding temperature. (2) molding pressure was applied and 
held with the temperature kept constant for a certain time, which was called molding time. (3) molding pressure was 
kept and the temperature was reduced. (4) the molding pressure was removed. In the processes, three parameters 
were concerned: the molding temperature, the molding pressure and the molding time. 
To get a more realistic view on the simulation results, a geometric model was established as in figure 1 for the 
FEA analyses. In the model, H1=1.5Pm, W1=1Pm,  H2=2Pm, W2=2Pm. The parameters were selected based on the 
assumption that the chalcogenide glass was applied in the long wave infrared wavelength range with a center 
wavelength of 10Pm. 
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Figure 1. Geometric model for the simulation 
3. Results and discussions 
A Mettler TMA/SDTA840 analyzer was used to perform the thermomechanical analysis. Chalcogenide glass 
with composition of Ge33As12Se55 was investigated. Figure 2 shows the creep characteristics of the glass under 
different temperatures. 
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Figure 2. Creep characteristics (relative strain vs time) of the glass 
Usually, the molding process was performed at a temperature slightly higher than the glass transition point. For 
Ge33As12Se55, the molding temperature was selected between 450
oC and 490oC. The filling ratio (the volume ratio of 
the occupied mold cavity by the glass) of the mold cavity was illustrated as in figure 3.  
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Figure 3. Filling ratios of the mold cavity under different temperature: (a)450oC, (b)460oC, (c)470oC, (d)480oC, with 
molding pressure of 20N and molding time of 1800s. 
The variation of the filling ratio r with temperature and pressure can be further depicted in figure 4. It can be 
clearly seen that the increase of the temperature will result a higher filling ratio. Between the temperature of 450oC
and 480oC, the filling ration increases almost linearly with temperature. But when the temperature was further 
increased to 490oC, the increase of filling ratio will be slowed down. Further increase in temperature is not expected 
for higher temperature may result the change of the crystalline properties of the glass. Higher molding pressure will 
result a higher filling ratio. 
Figure 4. Increase of filling ratio with temperature (left) and molding pressure (right) 
Figure 5. Variations of the filling ratio with molding time under different temperature (left) and pressure (right) 
For a given temperature and pressure, the filling ratio will change with the increase of molding time, which is the 
result of the creep characteristics or the viscoelastic characteristics of the chalcogenide glass. Obvious relaxation in 
the filling ratio was observed from figure 5. When molding time is longer than 1800s, the filling ratio reached a 
relatively high value, further increase of the molding time will not be beneficial to the efficiency of the molding 
processes. Higher temperature and higher pressure will give a better convergence tendency in the increase of the 
filling ratio. 
In the molding process, creep characteristics of the glass will result stress concentration in the microstructure as 
shown in figure 8. The distribution of the stress can be clearly divided into three zones. There is almost 2 order of 
magnitude difference in the stress level for the 3 zones. In zone 1, the stress is the highest, where the corner of the 
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rectangular mold cavity plays an important role. In zone 2, the glass is squeezed by the mold, and high stress is 
developed. In zone 3, lowest stress is observed, where the glass deforms freely before it reaches the top end of the 
mold. When the glass contacts with the mold top end higher stress will be accumulated gradually in it with the 
increase of the filling ratio. 
Figure 6. Stress distribution
4. Conclusions 
FEA method is an effective way to simulate the molding processes of the chalcogenide glass. To evaluate the 
molding results, the variation of the filling ratio and the evolution of the stress were investigated. Based on the 
simulation results, molding parameters can be optimized.  
Under the conditions discussed in this paper, the optimized parameters for the molding of the Ge33As12Se55 glass 
are: temperature of 480oC, pressure of 30N and time of 1800s. A typical result was given in figure 7, where the 
filling ratio as high as 0.972 was obtained and the stress was relatively low. 
Figure 7 optimized molding result 
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